ABSTRACT: Stranded organisms were observed on the sandy beach of Kuroshima Island, Ryukyu Archipelago, in the early morning of 28 January 1993. Stranded organisms of 525 individuals were classified into 74 species. These organisms included 13 individuals of Panulirus pueruli, which were identical to P. longipes bispinosus. Kuroshima Island is located near Ishigakijima and Iriomote islands, Ryukyu Archipelago, where coral reefs develop. Coral reefs are common and develop in the Ryukyu Archipelago, southern Japan, with the exception of Yakushima and Tanegashima islands. Panulirus japonicus in Japanese waters has not been found in coral reef regions where P. longipes bispinosus are mainly found. The present study describes and identifies to species level puerulus specimens that were stranded on the beach of Kuroshima Island.
INTRODUCTION
Phyllosoma larvae, confined to palinurid and scyllarid lobsters, are planktonic with a transparent body. Phyllosoma larvae of palinurid lobsters metamorphose into puerulus (nisto for scyllarid lobsters), and then settle on the sea bottom. Six species have been reported for palinurid lobster in Japanese waters: Panulirus japonicus, P. homarus, P. longipes (including two synonymns, P. longipes bispinosus and P. femoristriga, which are discussed later), P. ornatus, P. penicillatus, and P. versicolor. 1 Panulirus japonicus is distributed in the following regions of Japan and its neighboring waters ( Fig. 1) : along the Pacific coast of Honshu, from Kyushu; Amamioshima Island, Yakushima Island and Tanegashima Island; from Cheju Island south of Korea; and from northern Taiwan. But the species is not reported from the Ogasawara Islands and Iou Islands, and also from the Okinawa Islands, where it is replaced by P. longipes. 2, 3 However, both P. japonicus and P. longipes have been reported to occur together on Amamioshima Island, Yakushima Island, Tanegashima Island, Hachijyojima Island, and in northern Taiwan, whereas P. japonicus is a rare species found on Amamioshima Island. 2, 3 Coral reefs are common and develop in the Ryukyu Archipelago, southern Japan, with the exception of Yakushima and Tanegashima islands. 2 In Japanese waters, P. japonicus has been not been found in coral reef regions but in waters along rocky reefs, so it is assumed that the southern boundary of the P. japonicus distribution coincides with the northern boundary of the coral reef distribution in the western Pacific and/or the northern boundary of the Kuroshio Current. 2 Based on catches of Panulirus pueruli using artificial traps set in Japanese shore waters, P. longipes pueruli were collected in late October to late November, 4 ,5 whereas those of P. japonicus were caught in early summer. [6] [7] [8] With the exception of the aforementioned studies, little information has been accumulated on the settlement season of Panulirus pueruli in Japanese waters.
Stranding has often been reported in the northwest coast of Kyushu, off the Japanese sea coast 10 of Honshu in winter when the monsoon blows from mainland China ( Fig. 1 for location) . Most stranded organisms have been pisces, either of an individual number or of a number of species. 9 To date, puerulus and nisto have not been collected among organisms stranded on these *Based on the morphological features and color patterns on the antennular flagella of P. longipes specimens collected in Japanese waters, including Ogasawara (Bonin) Islands, Sekiguchi has categorized these specimens into three types: Aka-ebi, Shirahige-ebi, and Shironuke-ebi. 12, 13 Of these types, Shirahige-ebi and Shironuke-ebi have been found to be identical to P. longipes bispinosus and P. femoristriga, respectively, according to Chan and Chu 14 and Chan and Ng.
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The stranded puerulus samples dealt with in the present study were collected on the sandy beach of Kuroshima Island of the Ryukyu Archipelago. The study had two objectives: (i) to identify the stranded pueruli to species level; and (ii) to confirm the settlement season of P. japonicus and P. longipes bispinosus in Japanese waters.
MATERIALS AND METHODS
Kuroshima Island is small, with only a 12.7 km shore line, and is located near Ishigakijima and Iriomote islands of the Ryukyu Archipelago, where coral reefs have developed in its coastal waters (Fig. 1) . Kuroshima Island has a sandy beach and stranded organisms have often been observed after typhoons and/or strong monsoons have approached the island. The neighboring waters of Kuroshima Island were stormed by a strong north wind on 24th January 1993. Furthermore, a lowpressure air mass passed over the Japan Sea from the 27th to 28th January 1993 and the neighboring waters of Kuroshima Island were severely affected by storm. Stranded organisms were observed on the north-west to northern sandy beach (along a 3 km stretch of shore line) of Kuroshima Island on the early morning of 28th January 1993. A total of 525 stranded individuals were classified into 74 species (Table 1) . These organisms included 13 individuals of Panulirus pueruli, of which five specimens were not damaged and hence used to identify to species level according to Tanaka et al. 4 and Tanaka.
5 These pueruli were collected at the same point along the sandy beach.
RESULTS

Descriptions
Materials
Five undamaged specimens of Pueruli were examined. Their body lengths (BL) and carapace lengths (CL) were 23.0-26.5 mm and 8.5-9.4 mm, respectively. Because the five pueruli showed morphological features very similar to one another, we ᭤ describe here the features based on one complete specimen (BL 26.3 mm) (Fig 2) .
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third segments together, first segment with tubercle on the dorsal surface, all segments with a few short setae; inner flagellum with 21 segments, slightly larger and more slender than outer flagellum with 21 segments, both with dense rows of setae (Fig 2c,d ).
Antenna
The antenna was 36.1 mm long; that is, 1.4 times the body length, and the peduncle measured 7.4 mm. The first segment was 0.8 mm long and 1.7 mm wide with a spine at the antero-lateral corner. The second segment was 3.4 mm long and 1.6 mm wide and had a total of 13 spines on the dorsal and ventral surfaces, including three spines along the outer lateral margin. The third segment was 3.8 mm long and 1.5 mm wide with a few setae and a total of 13 spines, including three spines along the inner lateral margin and two spines along the outer lateral margin and a spine along the anterior margin of the dorsal and ventral surfaces, respectively (Fig 2a-d) .
Mandible
Incisor and molar processes were uncalcified and lacked any teeth. Palp appeared to have no segmentation (Fig. 2h ).
Maxillule
The maxillule was unsegmented and lacked any seta or spines (Fig. 2h ).
Maxilla
Maxilla with secaphognathite bearing setae, and endites bearing tiny setae around the tip were observed (Fig. 2m) .
Maxilliped 1
The endopod lacked any seta, and the exopod had a row of plumose setae. Both the endopod and exopod were unsegmented (Fig. 2g) .
Maxilliped 2
The endopod was segmented but lacked any setae, and the exopod had two segments but also lacked any setae (Fig. 2j) .
Carapace length and width
Carapace length and width (CW) were 9.4 mm and 5.9 mm, respectively (Fig. 2b) . The carapace was longer than it was wide, lacked any grooves, notches, spines, or spinules with the exception that its posterior and antero-lateral margins were smooth. Major spines were short. The tips of its supraorbital horns were directed forward and the anterior margin was fairly straight. The first two pairs of spines were smaller than the supraorbital horns in the submedium rows and separated by a gap. There were two pairs of spinules behind the first two pairs of spines, whereby the second pair of spines was located close to the lateral margin of the carapace behind first two pairs of spinules. Three pairs of spinules were separated by a gap between the second two pairs of spinules.
Ventral cephalothorax
No teeth or spines were observed in any region of the cephalothorax. The second to fifth thoracic sternites possessed tubercles (Fig. 2e) .
Abdomen
The abdomen lacked a median carina and the first segment lacked a primary pleural spine. The anterior margin of the primary pleural spines on the second to sixth segments had small blunt serrations, and the posterior margin of the pleural spines had a few plumose setae (Figs 2b,k).
Telson and uropod
The specimen's telson tapered toward a narrow truncated tip composed of short setae. The calcified part of the telson had three pairs of small spines, whereas the non-calcified part had five small spines. The posterior margin of the uropods had short, rounded setae (Fig. 2b ).
Eye
The eye had small papilla just below the anterior margin of the eyestalk (Figs 2b,c) .
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Maxilliped 3
The endopod was elongated and comprised five segments. The third segment bore medial setae on the distal half; the fourth segment bore a few medial setae on the tip; and the fifth segment bore a few short setae. The exopod appeared bud-like and lacked any setae (Fig. 2i) .
Pereiopod
The approximate lengths of the first to fifth pereiopods were: 11.5 mm, 13.0 mm, 12.3 mm, 12.1 mm, 10.5 mm, respectively. All pereiopods bore short setae on each fifth segment. The first to fourth segments of the first to fourth pereiopods lacked any seta, and the fifth pereiopod bore a few short setae on the fourth segment. The other segments of the fifth pereiopod lacked any seta. Each of the pereiopods lacked any spines (Fig. 2f ).
Pleopod
Each pleopod comprised an endopod and exopod. The base of the first to sixth pleopods bore plumose setae. An appendix internae with anchorshaped hooks was observed (Figs 2l,n).
DISCUSSION
Tanaka et al. 4 have distinguished three types (A, B, and C) of Panulirus pueruli collected using artificial traps, and Tanaka 5 has concluded that the A type is identical to P. homarus, the B type is identical to P. penicillatus, and the C type is identical to P. longipes. Table 2 indicates the morphological features of the five pueruli collected in the present study compared with those of the four Panulirus species reported by Tanaka et al. 4 and Tanaka. 5 Judging from the features of the pueruli collected in the present study, they are identical to either P. japonicus or P. longipes. According to Tanaka et al. 4 and Tanaka, 5 the length of the antennal peduncle (LAnP)/CL, LAnP/width of second segment of antennal peduncle (WSAP) and the number of non-calcified spines of telson were 0.7, 3.9-4.2 and 7-8 spines for pueruli of P. japonicus, respectively, whereas they were 0.8, 4.3-4.9 and 4-6 spines for pueruli of P. longipes, respectively ( Table 2 ). The same features in the pueruli collected in the present study were 0.8, 4.3-4.7 and 5-6 spines, respectively, indicating that the morphological features of the pueruli of the present series are in accordance with those of P. longipes as described by Tanaka et al. 4 and Tanaka   5   (Table 2) . Panulirus japonicus and P. longipes are regarded as sibling species and are to be classified together into the P. japonicus group. 11 In Japanese waters, P. japonicus has not been reported from either the Ogasawara or Iou islands, nor from the Okinawa Islands where it is replaced by P. longipes (Fig. 1) . 2, 3 Based on the morphological features and color patterns on the antennular flagella of P. longipes specimens collected in Japanese waters, including the Ogasawara (Bonin) Islands, Sekiguchi has divided these specimens into three types: (i) Aka-ebi; (ii) Shirahige-ebi; and (iii) Shironukeebi. 12, 13 According to Sekiguchi, 12, 13 Chan and Chu, 14 and Chan and Ng, 15 of these types, Shirahige-ebi and Shironuke-ebi are identical to P. longipes bispinosus (as a synonym, P. longipes femoristriga) and P. femoristriga (as a synonym, P. albiflagellum), respectively. We believe another new specific name should be given to Aka-ebi (George & Sekiguchi, pers. comm., 2001) . We have no information on the morphological features of the aforementioned three species of pueruli; that is, P. longipes bispinosus, P. femoristriga and Aka-ebi. However, in the Ryukyu Archipelago, P. longipes bispinosus is predominant, whereas P. femoristriga and Akaebi are rare. 12, 13 It is safe to conclude that the five individuals of Panulirus pueruli collected in the present study are identical to P. longipes bispinosus.
As mentioned earlier, P. longipes pueruli has been collected in Japanese waters from late October to late November, 4, 5 whereas P. japonicus has been collected in early summer. [6] [7] [8] In addition, many P. japonicus phyllosoma larvae that were in their final stage of growth have been collected from June to August in the waters south of Kyushu, 16 and phyllosoma larvae of P. japonicus in their subfinal and final stage have been collected from May to July in the waters east of Okinawa Islands. 17 Judging from these findings and based on the findings of the present study, it is safe to conclude that the recruitment seasons of P. japonicus and P. longipes bispinosus are from early summer to autumn and from autumn to winter, respectively.
Sekiguchi has represented an alternative two hypotheses to explain why P. japonicus does not inhabit the waters along the Ryukyu Archipelago (Fig. 1) . 2, 3 Panulirus japonicus phyllosoma larvae at their subfinal stage of growth are found in the waters east of the Ryukyu Archipelago, and the pueruli settle in the waters along the Islands but fail to establish benthic populations in the waters where coral reefs develop; hence, P. longipes bispinosus is predominant. Alternatively, the P. japonicus pueruli avoid settling in the waters along the Ryukyu Archipelago to continue a pelagic life cycle, and then disperse and/or are transported into Japanese coastal waters north of the Archipelago via the Kuroshio Current. To examine these two hypotheses, we need to determine whether or not P. japonicus and P. longipes bispinosus settle in the Archipelago waters during the two respective recruitment seasons proposed.
